ABSTRACT.--Recent evidence suggests that the nesting success of forest-interior Neotropical migrants is lower in fragmented habitat. We examined the nesting success of Wood Thrushes (Hylocichla mustelina) in a large contiguous forest from 1993 to 1997. From a sample of 416 nests we tested for predictors of daily nest survival rates, including activity at the nest and vegetation parameters at the nest site. We tested whether disturbance during nest checks (as measured by the behavior of the adults) was related to subsequent nest predation. Females were more likely to vocalize when brooding chicks than when incubating eggs. However, we found no evidence that observer disturbance or Wood Thrush activity influenced daily nest survival rates. Wood Thrushes nested predominately in small hemlocks, generally surrounded by many other small hemlocks. However, survival rates of nests in hemlocks were not significantly different from those in other substrates. Overall, neither activity at the nest nor habitat in the vicinity of the nest was a good predictor of nesting success, and only one vegetation characteristic, a measure of concealment, was significantly correlated with successful nesting. Brood parasitism by Brown-headed Cowbirds (Molothrus ater) was extremely low (<2% of nests parasitized). However, nesting success was moderate (daily survival rate = 0.958) when compared with other published studies from more-fragmented landscapes. Our results suggest that daily nest survival rates do not increase monotonically from small to very large forest patches. Received 31 August 1998, accepted 22 March 1999. 
Because of the large size of Great Smoky
Mountains National Park (202,000 ha) and its location in the predominately forested landscape of the southern Appalachians, we expected to find high rates of survival and very low rates of brood parasitism for Wood Thrush nests. We also investigated additional factors that may influence nest survival. Specifically, we examined (1) whether Wood Thrush activity at the nest, both observer-induced and natural, increased the chance that a nest was discovered by a predator; and (2) whether the characteristics of the vegetation surrounding the nest were associated with nesting success.
Disturbance caused by investigators visiting nests may increase the chance that nests are discovered by predators (Martin and Roper 1988). We used the behavior of the adults during nest checks as an index of disturbance and examined the relationship between the amount of disturbance and predation. We also examined whether natural levels of activity at the nest affected nest survival. Skutch (1949) hypothesized that the activity of adults at a nest may make nests more obvious to predators. He proposed a positive relationship between nest predation rates and clutch size, a hypothesis that has been tested with several species. Larger clutches suffered higher rates of nest predation in studies of Great Tits (Parus major; Perrins 1965) and Black-billed Magpies (Pica pica; Redondo and Castro 1992). Studies of the Least Flycatcher (Empidonax minimus; Briskie and Sealy 1989) and Western Slaty Antshrike (Thamnophilus atrinucha; Roper and Goldstein 1997), however, failed to show this pattern. By comparing predation rates at natural and artificial nests, we tested the following hypotheses related to natural activity at the nest: (1) thrush nests fail more often than nearby artificial nests, (2) nests with chicks have lower survival rates than nests with eggs, and (3) nests with larger clutches are more likely to fail than nests We calculated daily nest survival based on Mayfield's (1975) method and calculated standard errors and performed z-tests following Johnson (1979). We tested for nest-tree preferences using a G-test to compare the ratio of nests in each of the two most frequently used tree species with the ratio of each species measured at non-nest sites. We also used logistic regression (SAS 1995 (SAS , 1996 ) with a backward selection procedure and a 0.25 significance level criterion to test for the effects of multiple factors on nesting success (Table 1) .
Activity at the nest.--In 1997, we recorded the behavior of adult thrushes during each nest check. The behaviors observed were assigned an activity score ranging from 0 to 3. An activity score of 0 was assigned when a female was observed on the nest and Nest tree was ( We tested the hypothesis that activity near the nest increases the probability of nest predation and predicted that nest failure would be highest at active nests, next-highest at artificial nests 25 m away, and lowest at artificial nests 100 m away. Each set of three nests was monitored every three days to determine predation rates. We ended the experiment as soon as the first nest failed because if the Wood Thrush nest failed, the "activity" ceased.
We scored the results of each experiment by recording which nest(s) failed first. At the time one or more nests failed, the failed nest(s) received a score of 1 and the other nest(s) received a score of 0. Because we checked nests every three days, oftentimes more than one nest failed during the same interval between nest checks. We used a G-test of independence to test whether any of the three types of nests was more likely to fail first.
Vegetation (Table 2) at the three study sites where we had more than 50 nests (all P > 0.15).
Activity at the nest.--We checked nests, recorded activity scores, and returned three days later on 390 occasions during 1997. Activity was scored 0 on 185 occasions, 13% of which were followed by predation. Scores of 1 were followed by predation on 10% of 122 occasions, scores of 2 were followed by predation on 15% of 41 occasions, and scores of 3 were followed by predation on 10% of 42 occasions. Therefore, the probability of nest failure appeared to be independent of the activity of adult birds during our nest checks (Gadi = 1.23, df = 3, P =
0.75).
Of the 185 occasions when we scored nest disturbance 0, 74% occurred during incubation. Similarly, of the 122 occasions when we scored nest disturbance 1, 72% occurred during incubation. However, of the 41 occasions when we scored nest disturbance 2, only 54% occurred during incubation, and of the 42 occasions when we scored nest disturbance 3, only 52% occurred during incubation. Activity scores were significantly higher for nests with chicks than for nests with eggs (Gaai = 12.7, df = 3, P < 0.01). These results are in line with our predictions, but the differences among treatments were no larger than what would be expected by chance alone (Gadi = 2.66, df = 2, P = 0.26). Therefore, we cannot reject the null hypothesis that the probability of nest failure is independent of activity at the nest. Nest-site characteristics.--We observed significantly more shrubs at nest sites than at nonnest sites (two-tailed t-test, P < 0.01; Table 3 ).
Among the 65 sets of active and artificial
The composition of the shrub species also differed significantly between nests and non-nest sites. Hemlocks comprised more than 51% of the shrubs recorded near nests but only 33% of those at non-nest sites (t-test, P < 0.01).
Using the proportion of hemlocks in the shrub sample from non-nest sites as an estimate of hemlock availability, Wood Thrushes We had sufficient data to include 284 nests in a logistic regression analysis. All variables listed in Table 1 were required for a nest to be included in the analysis. Of these nests, 116 fledged young and 168 failed. Six variables were included in the regression model and only one, the densiometer reading, was significantly associated with nesting success (Table  4) . Overall concordance (which measures how well the model predicted fledging success) was 65%, indicating that the variables used in the 
DISCUSSION
Daily survival rates of Wood Thrush nests in our study area did not vary significantly among sites or years (Table 2) , and they were similar over the course of the breeding season when data were pooled for all years (Fig. 1) . The level of disturbance to adults caused by our nest checks was not associated with a higher probability of nesting failure. In similar studies, Martin and Roper (1988) and Mayer et al.
(1997) also found no differences between survival rates of nests visited by observers and nests observed from a distance. We also found no evidence for an association between the activity of breeding adults at the nest and nest predation rate.
Our prediction that predation rates would be higher for active thrush nests than for nearby Interestingly, our disturbance scores during the nestling period were significantly higher than those during incubation, suggesting that parental investment accrued during later stages of the nesting cycle makes adult birds more prone to risky behavior in defense of their nests (Trivers 1972 we cannot be certain that such a bias was absent. However, 9 of the 10 nests that we found using radio telemetry (which presumably is free of such bias) also were placed in hemlocks (Farnsworth 1998). The apparent preference for hemlocks as a nest substrate suggests that Wood Thrushes employ a "needle in a haystack" nesting strategy. This hypothesis proposes that if predators preferentially search the plant species used for nesting, nests should be placed in the most abundant plant species in order to minimize the chance of discovery table 1) . However, our nest mortality rates were consistently near 0.04 (33% nesting success). This moderate level of nesting success, combined with current low levels of brood parasitism, probably allow the park to act as a population source for Wood Thrushes (Farnsworth 1998). However, the contribution of the park to sustaining Wood Thrush populations on larger spatial scales warrants further investigation.
